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Abstract.  The ambient index and temperature effects on the spectral profiles of two sets of 
long period gratings (LPGs) of different periods were investigated.  The shorter period LPGs 
were found to be more sensitive than the longer period LPGs over identical ambient index 
ranges but less sensitive over identical temperature ranges. The coupling wavelength shifts 
due to temperature are also seen to be linear and in opposite directions in each set of LPGs 
and unlike the ambient index shifts there seems to be no obvious modal dependency with 
respect to sensitivity in any individual LPG.  The conclusion to this investigation is that it 
may be possible to design an LPG of such a period that parts of the spectral profile are 
unaffected by temperature whilst maintaining a reasonable ambient index sensitivity. 
 
1. Introduction 
 
In recent years, fibre gratings have been extensively investigated for their applications as a  
variety of sensors [1,2]. The transmission spectra of long period gratings (LPGs) have been 
shown to be sensitive to changes in index of refraction of the medium surrounding the fibre 
cladding (ambient refractive index) in the vicinity of the LPG [3-7] and also to changes in the 
ambient temperature [8,9]. Changes in the coupling wavelengths from the core modes to the 
various cladding modes due to changing ambient refractive indices using index matching gels 
have been the subject of many reports [10,11 ]. This investigation examines the effect of the 
grating period on the temperature profile of an LPG.  LPGs with 2 different grating periods 
(450m and 700m) written into the cores of identical monomode fibres have been utilised 
and comparisons between the 2 sets of temperature profiles and ambient index profiles have 
been made in order to ascertain the possibility of achieving  temperature immunity in a single 
refractive index sensing LPG. 
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2. Experimental Procedure  
The six fibre gratings utilised were of the same material and optical and physical parameters 
before the gratings were written into the respective cores. The grating period of fibres 
numbered 1 to 4 is 700m and numbers 5 and 6 is 450m. All spectral profiles were 
observed and recorded using a HP 86142A Optical Spectrum Analyser (OSA), the light 
source used being the 1300nm and 1550nm internal EELED sources of the OSA. The ends of 
each fibre were connected into the light source and detector inputs of the OSA using bare 
fibre connectors. The transmission spectra of all of the LPGs were recorded in air at room 
temperature before any experiments were undertaken. Spectral profiles of each fibre grating 
were taken using a range of index matching gels.  Temperature spectral profiles were taken 
by placing the grating section under slight tension in a purposely designed heat chamber and 
recording the spectra at selected temperatures from room temperature to a maximum of 
around 80C.   
 
3. Results and Discussion  
The transmission spectra at room temperature in air are shown in Figure 1 for gratings with 
periods of 700m and 450 m respectively.       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Spectral Profile of  (a) 4 LPGs with Periods of 700mm (numbered 1-4) and (b) 2 
LPGs with Periods of 450mm (numbered 5-6) at 300K.  
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where the propagation constants () are quoted as functions of the mode number i and 
coupling wavelength , k is the wave number (2/) and  is the grating period. Coupling 
was evident in each fibre at the different wavelengths as summarised in Table I.  
Table I:  Optical and physical parameters and coupling wavelengths of all six LPGs 
core refractive 
index (ncore) 
cladding refractive index 
(nclad) 
core radius 
(rcore) 
cladding radius 
(rclad) 
1.4499 1.4441 3.9m 62.5m 
LPG 
No 
/ m Coupling s / nm 
1 700    1552.75 1570  
2 700 1285.5  1525.5 1556.5 1572  
3 700  1335  1558.5  1604 
4 700  1329.5  1556  1601.5 
5 450  1311.5 1516 1550   
6 450  1317.5 1520 1558   
 
Thus, identical fibres underwent identical writing procedures but the wavelengths at which 
coupling occurs differs in each grating of the same period. The propagation constants of the 
cladding modes will change with the ambient refractive index  around the cladding, resulting 
in a shift in coupling wavelengths, the sensitivity increasing with mode number [12]. The 
ambient refractive index spectral profiles of all 6 fibres shown in Figure 3 showed shifts to 
shorter wavelengths for each modal coupling as the ambient refractive index was increased.  
All showed the degree of shift in coupling wavelength to increase as the ambient refractive 
index approached that of the cladding. The coupling wavelengths showed a positive shift to 
values greater than in air as an ambient refractive index of 1.452 was exceeded.  It has been 
previously  suggested that the process of writing the grating in the core has increased the 
refractive index of the cladding around the grating from its original value of 1.4441 to at least 
1.452 [5].  The core index must also have increased to a value greater than 1.452 for guided 
modes to exist in the core, which will have a considerable effect on the initial core and 
cladding modes.  The fibres in the period range used in most previously reported experiments 
of  450m period, react as predicted by theory.  The longer wavelengths coupling to the 
higher order cladding modes are more sensitive to ambient index changes than the shorter 
wavelengths. Two of the fibres containing the longer period of 700m, LPG 1 and LPG2, 
responded as expected with the longer wavelengths generally showing greater sensitivity to 
the ambient index changes, however, LPG3 and LPG4 showed the shortest coupling 
wavelength to be around 6 times more sensitive than the longer ones. The high sensitivity of 
this wavelength suggests that this may be a higher order of diffraction (-2 order) of the 
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grating period as reported by [9] and is actually coupling to a much higher cladding mode 
than the wavelengths in the 1500 to 1600nm region.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
 
 
 
 
 
       
Figure 3: Coupling wavelength shifts of LPGs with Ambient Index 
In the gratings with the 450m period the cladding modes into which the respective 
wavelengths are  coupling will be a higher order than for the gratings with the 700m period.  
This would explain the greater sensitivity of the shorter period gratings to the ambient 
refractive index, as sensitivity is known to increase as the coupling mode increases. 
The shifts due to the change in temperature for all 6 fibres are shown in Figure 4. The main 
feature of this investigation is the fact that all of the LPGs with 700m periods have a 
negative temperature profile whilst all of the LPGs with 450 m periods have a positive 
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temperature profile. Differentiating equation 1 with respect to temperature shows the 
combined period and refractive index dependency on temperature [8]: 
 
     dTdLLdddTddTdddkdTd cla dcore 11    (2) 
 
where L is the length of the grating. The increase in temperature will cause expansion of the 
fibre and hence an increase in the grating period.  This will result in smaller diffraction angles 
of all wavelengths and an increase in the wavelength which will match the coupling 
conditions for the first mode, and thus subsequent modes.  It follows therefore that this effect 
will tend to cause the coupling wavelengths in each cladding mode to undergo a red shift. 
The directional shift of the coupling wavelength due to the change in refractive indices of the 
core and the cladding caused by the temperature change is not as obvious from Equation (1). 
Firstly, the increase in grating period due to the temperature increase would result in coupling 
to longer wavelengths.  As these new wavelengths have their own individual modal core and 
cladding paths and as the propagation constants are dependent on the modal path this factor 
will itself cause different propagation constants in both media to be considered.   
For the LPGs used in this investigation it is shown that an increase in the ambient index from 
that of air to values approaching that of the cladding will cause the core to cladding mode 
coupling wavelengths to undergo a blue shift.  The magnitude of these blue shifts increase 
with cladding mode order and the and the sensitivity increases to an exponential 
approximation in all modes as the ambient index approaches that of the cladding.  
Compensating methods have been reported [13,14] including a combination of a number of 
LPGs or by the combination of LPGs and other sensing mechanisms, each of which has 
inherent limitations.  Compensation systems employing  only LPGs include the use of a 2nd 
fibre with an optically identical grating as a control to reduce the unwanted effect, and fibres 
containing 2 identical gratings in the same core. However, the production of 2 identical 
gratings is very difficult, as is shown in this investigation. Other limitations relate to the exact 
positioning of the 2nd LPG to receive the identical effects of the unwanted measureand in the 
first system and the fact that the radiation coupled out of the core into the cladding at the first 
grating may be coupled back into the core at the second grating in the second system. It will 
therefore have a much reduced intensity loss at the output of the fibre. 
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   Figure 4: Coupling wavelength shifts of LPGs with Temperature 
 
4. Conclusion  
The direction of  the temperature gradient of an LPG is found  to depend on the period of the 
grating, for fibres with identical optical and physical properties.  If the fractional increase of 
the period is sufficient the temperature effects on the period become more significant and 
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may overcome the effects of the refractive index changes. The possibility of using a single 
temperature immune LPG for ambient index sensing has been described.  Further work will 
investigate an optimum period length at which temperature will have negligible affect on the 
optical profile of one or more of the coupling modes, but is still of a period length which is 
sensitive enough to detect small changes in ambient indices. 
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